We report a baby born with flaccid quadraparesis that was considered possibly attributable to birth injury. Postmortem examination identified an injury that occurred well before delivery caused by hemorrhage from an arteriovenous malformation of the brainstem and spinal cord. We discuss imaging modalities to diagnose neonatal cord injuries, possible treatments, prognosis and end of life decision making for these unfortunate patients. We also emphasize the importance of the autopsy in cases of suspected birth injury.
Introduction
Arteriovenous malformations (AVMs) of the spinal cord are rare lesions that seldom present in children. 1 The typical clinical course varies with age. Children commonly develop symptoms acutely, 2 whereas adults tend to have a more gradually progressive course. 2, 3 Clinical presentations of spinal cord AVMs in the neonatal period are extremely rare. A single case report described paraplegia at birth attributable to a remote intrauterine subarachnoid hemorrhage from a spinal AVM, 4 and a second described a baby with an AVM that presented as paraparesis on the second day of life. 5 Spinal cord injuries apparent in the neonatal period are more common and usually occur during delivery. 6 Birth injuries to the cervical spinal cord occur during breech or mid-forceps deliveries. Each has a characteristic site of injury. Excessive longitudinal or lateral traction on the spine (breech deliveries) typically causes injury in the low cervical or high thoracic cord. [7] [8] [9] In contrast, excessive torsion (extreme forceps rotation) tends to cause high cervical cord injury. 4,10 -12 We describe a baby born with flaccid quadraparesis that initially was attributed to birth injury. Autopsy results indicated that acute hemorrhage into a spinal AVM probably coinciding with an acute decrease in fetal activity 2 days before delivery accounted for his neurologic deficits.
Case report
This boy was born at 41 weeks gestation to a primiparous woman. The family history was unremarkable. The pregnancy was complicated only by emesis. Two days before delivery the mother noted decreased fetal movement. A nonstress test performed 1 day before delivery was normal, but the obstetrician noted decreased fetal activity. Results were identical on the day of delivery. Labor was induced, but late decelerations and fetal bradycardia prompted a Caesarian section delivery. Forceps were required to deliver the baby's head.
The baby was floppy and apneic at birth. There was no response to suctioning and stimulation. His color improved with bag and mask ventilation, but apnea persisted. He responded well to intubation and mechanical ventilation, but remained flaccid and apneic. Naloxone had no effect. Apgar scores were 2 at 1 min and 6 at 5 min. Birth weight was 3.999 kg. He opened his eyes, but continued to have a flaccid quadraparesis.
On arrival at Primary Children's Medical Center, significant physical findings were confined to the neurologic examination. His eyes occasionally opened with normal response to light. Response to sound seemed slightly diminished. Cranial nerves II-VII were intact. Gag reflex was diminished. There was no XI response. There was no respiratory effort. Tongue movement and bulk appeared normal. Upper extremities were flaccid, unresponsive to stimulation. Lower extremities were held partially flexed and exhibited weak withdrawal responses. Persistent penile erection resolved later that day. Anal wink was absent and rectal tone moderate. Painful stimulation above the neck induced grimace. Because of a possible acute spinal cord injury, he received methylprednisolone.
Magnetic resonance imaging (MRI) ( Figure 1 ) showed injury within the cervical spinal cord and an epidural hematoma compressing the cord between C3 and C7. There was blood around the upper thoracic cord. There were no signs of ligamentous injury. Neurosurgeons evacuated a hematoma from C2 to C6. His neurologic condition did not change. MRI on day 4 of life showed persistent cervical cord thinning and patchy T2 signal increase involving the entire cervical cord, upper thoracic cord, cervicomedullary junction and dorsal medulla. These findings were consistent with stretch injury or partial cord disruption.
He regularly awakened and seemed to follow with his eyes. Other neurologic abnormalities remained static. Multiple apnea tests failed to provoke any respiratory effort. Consultants agreed that lack of neurologic progress predicted life-long dependence on mechanical ventilation and virtually no prospect of voluntary muscle activity. His parents and caregivers agreed that it was reasonable to discontinue ventilator support. On the 25th day of life he was sedated and extubated. He died in his mother's arms, motionless and apneic.
Post-mortem examination
Autopsy was restricted to brain and spinal cord. Examination after formalin fixation revealed marked cervical cord thinning. There was yellow-brown discoloration of cross sections from medulla to upper cervical cord. Histologic examination revealed total destruction of cervical cord and partial necrosis of caudal medulla. Associated with this lesion were striking leptomeningeal abnormalities, greatest at the level of cord injury (Figure 2 ). Blood vessels in this area were serpiginous with large diameters and thin walls containing maloriented muscle cells resembling stratified epithelium with an internal elastic lamina. Other vessel walls were a jumbled array of fibrous connective tissue, with or without elastic fibers or muscle. Lumenal diameter of the anterior spinal artery was abnormally large, and in many sections a vein of equal size accompanied the artery. These features are consistent with an AVM. This AVM involved the meninges of cervical cord and medulla. Organizing fibrous granulation tissue with fibrous repair involving the epidural tissues, secondary to remote bleeding, indicated prenatal hemorrhage. There was organizing infarction of cervical cord and caudal medulla. There was extensive leptomeningeal fibrosis with spinal cord and nerve root adhesions. Mild hypoxic damage in hippocampi and cerebellum was noted. The pathologists concluded that he experienced a neurologic catastrophe, hemorrhage from the AVM, at least 2 days before birth. Subclinical bleeding had been occurring over a longer period.
Discussion
Clinical findings associated with spinal cord AVMs have been attributed to hemorrhage, 13 thrombosis, 14, 15 cord ischemia from compression by the involved vessels, vascular steal phenomena 16 or venous congestion. 17 Acute presentations are usually attributable to infarction or acute hemorrhage causing cord compression. Our patient had a sudden change in fetal activity 2 days before delivery, probably caused by infarction. It is conceivable that the delivery process caused further hemorrhage, but there is no direct evidence to address this possibility.
Traction or torsion injuries during delivery produce acute hemorrhage or actual disruption of the cord. The neonatal spinal cord is vulnerable to these forces because it is relatively inelastic compared to the supporting ligaments and bony structures of the spine. 6 Typically, excessive traction during breech delivery causes injury to the lower cervical and upper thoracic cord, 6,9,10 whereas rotational forces during difficult vaginal deliveries predispose to injuries from upper to mid-cervical cord. [9] [10] [11] 18 The differential diagnosis of these injuries includes intravertebral extramedullary masses, intramedullary masses (syringomyelis, hamangioblastoma), infarction or a neuromuscular disorder. 6 Ultrasound is the initial imaging modality of choice followed by confirmatory MRI studies if indicated. 6 In this patient, imaging suggested a traumatic etiology for the clinical findings.
Therapy for cord injuries remains controversial. High-dose methylprednisolone administered to adults within 8 h of cord injury improved the long-term outcome. [19] [20] [21] There are no comparable studies in infants. The issue of treatment is further clouded, because diagnosis may be delayed beyond the window of opportunity for steroid treatment.
Decisions to terminate support in these cases are particularly difficult. The lesions are uncommon, so there are no large published series of patients to guide caregivers. Small series and case reports support the following conclusions. High cervical cord lesions carry a bleak prognosis. Failure to breathe within 24 h of birth and lack of spontaneous limb movement appear to predict a bad outcome. With lower lesions, recovery of varying degrees is Spinal cord infarct mistaken for birth trauma DM Coulter et al possible, but progress eventually ceases. Some babies remain quadriplegic and ventilator-dependent. MacKinnon et al. 6 believe that spinal shock resolves by 3 weeks of age or earlier. Based upon their nine patients with lesions above C-4 who survived for at least 3 months, they suggest consideration for withdrawal of support by that age or earlier (1 week to 30 days of age) for babies who neither breathe nor move. Further complicating this delicate issue is the frequent association of hypoxic-ischemic brain injuries. 4, 6 Clues to the correct diagnosis in this case were the abrupt decrease in fetal movement 2 days before delivery and neurologic findings more suggestive of torsion injury than the traction injury that would be anticipated in a difficult extraction. However, we could not completely rule out birth trauma. The patient's family members became progressively convinced that his injury had been caused by birth trauma and consequently developed increasing anger at the obstetrician. Fortunately, they consented to an autopsy, and the true etiology of the cord injury was revealed. Postmortem results alleviated their concerns.
